
25OCT2006  llllllllllllllllllll *166166*  Title of the Invention Apparatus
and method for treating wastewater containing  nitrogen-containing dyes (a)
Background of the Prior Art  1. Technical Field The present invention
relates to a wastewater treatment  apparatus which biologically decolorizes
and denitrifies  wastewater containing a nitrogen-containing dye. More
specifically, the invention pertains to a wastewater treatment  apparatus
capable of easily decolorizing and decomposing, at  a low cost, a
persistent nitrogen-containing dye such as an azo  compound in wastewater
containing a dye, being compact, having  excellent durability and high
processing power and ensuring  long-term stable operation. 2. Description
of the Prior Art Nitrogen-containing dyes, particularly, azo dyes account
for the largest proportion of all synthetic dyes. They are used  in various
fields such as fibers, foods and cosmetics. When  dye-containing wastewater
discharged from dye manufacturing  plants and the like is released into the
environment, it colors  the surrounding environment and impairs the
environment and  beautiful appearance. There is accordingly an increasing  



demand for the decolorization or detoxification of the  above-described dye
existing in the wastewater. Wastewater 1 IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
IIIIIII  *coooo2* 25OCT2006  z containing dyes have conventionally been
treated mainly as a  mixture with another wastewater by the activated
sludge process  under aerobic conditions. The activated sludge process
however  only removes BOD (Biochemical Oxygen Demand) and SS (Suspended
Substance) components from the wastewater. Many dyes are  persistent
nitrogen-containing compounds such as azo dyes.  Since they cannot be
removed biologically by the activated  sludge process, the wastewater has
been released into the  environment without removing therefrom coloring or
nitrogen  components derived from these dyes. As a method of physically
removing a dye-containing  substance from wastewater, it is known to treat
dye-containing  wastewater by the activated sludge process, physically
separating the dye from the wastewater by solidify the  dye-containing
substance with the aid of coagulating  sedimentation or by adsorbing the
substance onto activated  charcoal or the like; and then reclaiming the
dye. This method  is however accompanied with such a drawback that the
persistent  



dye which has remained undecomposed exerts a bad influence on  the
ltnvironment when it is released thereinto. In order to- avoid such an
influence, only a limited landfill site can be  used. As a method of
chemically decomposing a dye-containing  substance in wastewater, proposed
are, for example, a method  2  2 5 0 C T 2006  of decomposing the dye by
bringing it into contact with ozone (Japanese Patent Laid-Open No.
239383/1997), a method of  bringing it in contact with oxygen under humid
conditions,  thereby oxidizing it (Japanese Patent Laid-Open No.
253669/1997), a method of bringing it in contact with an enzyme,  thereby
decomposing it (Japanese Patent Laid-Open No.  2000-245468), and a method
of decomposing it under  supercritical conditions (Japanese Patent
Laid-Open No.  2001-121137). Any one of these methods however involve
drawbacks such as necessity of an extra cost for chemicals and  facilities
and generation of by-products wh:Lch disturb  treatment. As described
above, an apparatus for treating  dye-containing wastewater capable of
decolorizing and  decomposing, at a low cost, a persistent
nitrogen-containing  dye such as azo compound to an extent not having- an
adverse  environmental effect is not known. An object of the present  



invention is therefore to provide a wastewater treating  apparatus capable
of easily decolorizing and decomposing, at  a low cost, a persistent
nitrogen-containing dye such as azo  compound in wastewater containing a
nitrogen-containing dye,  being compact, having excellent durability and
high processing  power, and ensuring long-term stable operation. (b)
Summary of the Invention - 3  2 5 O CT 2006  According to the present
invention, the above-described object can be attained by a wastewater
treatment apparatus  which is equipped with an obligatory anaerobic tank in
which  wastewater containing a nitrogen-containing dye is brought  into
contact with sulfate reducing bacteria under obligatory  anaerobic
conditions, a nitrification tank in which the wastewater is brought into
contact with nitrifying bacteria  -J I under aerobic conditions, and a
denitrification tank in which  the wastewater is brought into contact with
denitrifying  bacteria under anaerobic conditions, thereby decolorizing and
denitrifying the wastewater containing a nitrogen-containing  dye. More
specifically, the present invention relates to a  wastewater treatment
apparatus in which denitrification is  carried out in a
nitrification/denitrification step or  denitrification/nitrification step
after decolorization in  the obligatory anaerobic step in order to prevent
the waste  



water from being colored again. The above-described wastewater treatment
apparatus of the  present invention may have, for example, a structure in
which  the obligatory anaerobic tank, denitrification tank and
nitrification tank are disposed in the order of mention and a  portion of
nitrified wastewater discharged from the  nitrification tank is returned
and circulated to the  denitrification tank. In a preferred embodiment, the
bacteria 2 5 O C T 2006  are immobilized by a microorganism immobilization
support in at least one tank selected from the obligatory anaerobic tank,
nitrification tank and denitrification tank. Alternatively,  the wastewater
treatment apparatus may have a structure in  which the obligatory anaerobic
tank, nitrification tank and  denitrification tank are disposed in the
order of mention and  a re-aeration tank is disposed downstream of the
denitrif ication tank in order to bring BOD decomposing bacteria  into
contact with wastewater under aerobic conditions. In a  preferred
embodiment, the bacteria are immobilized by a microorganism immobilization
support in at least one tank  selected from the obligatory anaerobic tank,
nitrification  tank, denitrification tank and re-aeration tank. in a more
preferred embodiment, the microorganism  immobilization support may be at
least one support selected  from gelled supports, plastic supports and
fibrous supports,  



of which use of a polyvinyl alcohol hydrogel as the  microorganism
immobilization support is still more preferred.  The wastewater treatment
apparatus according to the present invention can easily decolorize and
decompose, at a low"  cost, a persistent nitrogenous compound in wastewater
containing a nitrogen-containing dye, is compact, has  excellent durability
and high processing power and ensures long-term stable operation. - 5 . 2 5
O CT 2006  (c) Brief Description of the Drawings FIG. 1 is a flow chart
illustrating a wastewater treatment  apparatus according to a first
embodiment of the present  invention; and FIG. 2 is a flow chart
illustrating a wastewater treatment  apparatus according to a second
embodiment of the present  invention. (d) Detailed Description of the
Preferred Embodiment The term "nitrogen-containing dye" as used herein
means,  among acid dyes, acid mordant dyes, metal complex salt dyes,  basic
dyes, direct azo dyes, azoic dyes and reactive dyes, water  soluble dyes
having a chemical structural formula which includes therein nitrogen,
particularly, an azo bond. Examples  of the nitrogen-containing dye include
aniline azo dyes such  



as Acid Orange 10, sulfanilic acid azo dyes such as Acid Orange  1 and Acid
orange 24, naphthol azo dyes such as Acid Orange 7  and Acid Orange 8,
nahthylamine azo dyes such as Acid Blue 92  and Acid Blue 120,
anthraquinone dyes such Acid Blue 82 and Acid  Blue 126, pyrazolone azo
dyes such as Acid Yellow 11 and Acid  Yellow 17, and azoic dyes such as
Azoic Diazo Component 1 and  Azoic Diazo Component 27. The term "sulfate
reducing bacteria" as used herein means  obligatory anaerobic bacteria such
as Desulfovibrio  desulfurican. They are known bacteria which reduce a
sulfate 6  2 5 OCT 2006  to hydrogen sulfide by sulfate respiration. In an
obligatory anaerobic tank, the nitrogen-containing dye is decomposed by
the above-described sulfate reducing bacteria under obligatory  anaerobic
conditions. The term "obligatory anaerobic conditions" means the
conditions in which a redox potential in a liquid, if this  potential being
used as an index, is usually -200 mV or less  when the pH in the liquid is
7. In the present invention, a predetermined amount of  organic matters
must exist in the obligatory anaerobic tank  upon synthesis of a
respiratory substrate or cell of sulfate  reducing bacteria or
decomposition of the nitrogen-containing dye. For the treatment of
wastewater not containing a large 



amount of organic matters, addition of a necessary amount of organic
matters to the obligatory anaerobic tank from the outside is recommended.
Examples of teh organic matters to be added usually include alcohols. Of
these, methanol and ethanol  tend to be employed. In the present invention,
it is preferred that bacteria  have been immobilized by a microorganism
immobilization  support in at least one tank selected from the
above-described  obligatory anaerobic tank, nitrification tank,
denitrification tank and re-aeration tank. A process using the
microorganism immobilization support (which process will - 7  2 5 0 C T
2006  hereinafter be called 'support process" simply) is better than the
activated sludge process, because the former one does not  require sludge
return, which facilitates operation and  maintenance of each tank;
particularly in the obligatory  anaerobic tank, a fine pore passes through
from the surface of  the support toward the central part of the support,
and use of  acetalized polyvinyl alcohol gel which facilitates habitation
of anaerobic microorganisms inside of the support improves  habitation
property of the sulfate reducing bacteria; complete  sealing as employed in
the activated sludge process under  obligatory anaerobic conditions is not
necessary; and the  capacity of the reaction tank can be reduced to make
the tank  



compact. The microorganism immobilization support suitably  employed in the
present invention is a solid having fine pores  which will serve as a
habitat for the microorganisms. Examples  of the material for the support
include vinyl alcohol based  resins such as polyvinyl alcohol, ether based
resins such as  polyethylene glycol, acrylic resins such as polymethacrylic
acid, acrylamide based resins such as polyacrylamide, olefin  based resins
such as polyethylene and polypropylene, styrene  based resins such as
polystyrene, ester based resins such as  polyethylene terephthalate and
polybutylene terephthalate,  acrylonitrile based resins such as
polyacrylonitrile, urethane - 8  2 5 OCT 2006  based resins such as
polyurethane sponge, polysaccharides such as calcium alginate,
x-carrageenan, agar, and cellulose  derivatives, photocuring resins such as
polyester acrylate,  epoxy acrylate and urethane acrylate, and porous
inorganic  compounds such as activated charcoal. Of these, polyvinyl
alcohol hydrogels are preferred because they have a structure  which is
porous and network even inside of the gels and can  absorb a large amount
of water in the gels. More preferred  examples include formalized polyvinyl
alcohol hydrogel and  acetalized polyvinyl alcohol hydrogel. The
microorganism  immobilization supports may be used either singly or in  



combination. From the viewpoints of a wastewater treatment  efficiency and
support fluidity, its filling ratio is, based  on the capacity of the tank,
preferably 1% or greater but not  greater than 50%. with a ratio of 3% or
greater but not greater  than 304 being more preferred. 'FIG. 1 is a flow
chart of a wastewater treatment apparatus  according to a first embodiment
of the present invention, which  is structured to have an obligatory
anaerobic tank,  denitrification tank and nitrification tank disposed in
the  order of mention and to return and circulate a portion of water
discharged from the nitrification tank after nitrification  treatment to
the denitrification tank. In FIG. 1, bacteria in  the absolute anaerobic
tank 1, denitrification tank 2 and - 9  2 5 O C T 2006  nitrification tank
3 are immobilized by the microorganism immobilization supports 11, 14 and
18, respectively.  Wastewater 4 containing a nitrogen-containing dye is fed
to the  obligatory anaerobic tank 1, in which it is brought into contact
with sulfate reducing bacteria under obligatory anaerobic  conditions to
decompose the nitrogen-containing dye. At the bottom of the obligatory
anaerobic tank 1, an  agitator 9 is disposed, by which stirring is
conducted in order  not to cause friction of the microorganism
immobilization  supports. each other. The microorganism immobilization
support  



11 has been poured in a mixture 10, which contains  microorganisms such as
sulfate reducing bacteria, in the  obligatory anaerobic tank 1. When the
agitator 9 is started,  a circulatory flow of the mixture 10 occurs in the
obligatory  anaerobic tank 11. This circulatory flow causes flow of the
microorganism immobilization support 11 in the obligatory  anaerobic tank
1, during which microorganisms composed mainly  of the sulfate reducing
bacteria existing in the mixture 10 are  caused to adhere to, combine with
and immobilize onto the  microorganism immobilization support 11.  The
wastewater thus treated 5 is denitrified by  denitrifying bacteria in the
denitrification tank 2 under  anaerobic conditions. At the bottom of the
denitrification  tank 2, an agitator 12 is disposed for carrying out
stirring - 10  2 5 O C T 2006  in order not to cause friction of the
microorganism immobilization supports each other. The microorganism
immobilization support 14 has been poured in a mixture 13, which  contains
microorganisms such as the denitrifying bacteria, in  the denitrification
tank 2. When the agitator 12 is started,  a circulatory flow of the mixture
13 occurs in the  denitrification tank 2. This circulatory flow causes flow
of  the microorganism immobilization support 14 in the  denitrification
tank 2, during which microorganisms composed  



mainly of the denitrifying bacteria existing in the mixture 13  are caused
to adhere to, combine with and immobilize onto the  microorganism
immobilization support 14. The organic matters  in the mixture 13 are
utilized as a source for. respiratory  substrate of denitrifying bacteria
or for cell synthesis.  Similar to the case of the obligatory anaerobic
tank, an alcohol  (such as methanol or ethanol) may be added from the
outside of  the system if necessary. The denitrified wastewater 6 is then
fed to the  nitrification tank 3 and is brought into contact with the
nitrifying bacteria in the nitrification tank 3 under aerobic  conditions,
whereby the denitrified water 6 is nitrified. At  the bottom of the
nitrification tank 3, an air diffuser 15 for  feeding an oxygen-containing
gas such as air is installed in  connection with a blower 16. A
microorganism immobilization - i1  250CT2006  support 18 has been poured in
a mixture 17, which contains microorganisms such as nitrifying bacteria, in
the  nitrification tank 3. When air comes from the air diffuser 15,  oxygen
is fed to the mixture 17 in the nitrification tank 3 and  at the same time,
a circulatory flow of the mixture 17 occurs  owing to the resulting
ascending air bubble flow. While this  circulatory flow causes flow of the
microorganism  immobilization support 18 in the nitrification tank 3,  



microorganisms composed mainly of the nitrifying bacteria  existing in the
mixture 17 are caused to adhere to, combine with  and immobilize onto the
microorganism immobilization support  18. By the thus-immobilized
nitrifying bacteria and floating  nitrifying bacteria, biological treatment
of the mixture 17 in  the nitrification tank 3 is carried out. A portion of
the nitrified wastewater 7 is introduced into  the denitrification tank 2,
which is disposed upstream of the  nitrification tank 3, as water 8 to be
returned and circulated  and is denitrified under anaerobic conditions. A
remaining  portion of the nitrified wastewater 7 is released or recycled
after removal therefrom of the solid content in the nitrified  wastewater 7
by the ordinarily employed method such as coagulating sedimentation
treatment or membrane treatment.  For the purpose of attaining complete
denitrification and/or  decomposition of BOD components, it is also
possible to treat 12  25OCT2006  the remaining portion of the nitrified
wastewater 7 successively in a denitrification tank 2' and a re-aeration
tank 19, a tank for treating wastewater by BOD decomposing  bacteria under
aerobic conditions, following the treatment in  the nitrification tank 3;
removing the solid content from the  resulting wastewater 7' by the
ordinarily employed method such  as coagulating sedimentation treatment or
membrane treatment;  



and then releasing or recycling the residue. Alternatively, the obligatory
anaerobic tank and  denitrification tank which are illustrated in FIG. 1
are  combined into one denitrification tank, in which  decolorization and
denitrif ication of wastewater are conducted  by bringing it into contact
with sulfate reducing bacteria and  denitrifying bacteria. Then, the
wastewater thus treated may  be brought into contact with nitrifying
bacteria under aerobic  conditions. It is preferred to return and circulate
a portion  of the nitrified wastewater discharged from the nitrification
tank to the denitrification tank. FIG. 2 is a flow chart of a wastewater
treatment apparatus  according to a second embodiment of the present
invention, in  which an obligatory anaerobic tank, a nitrification tank and
a denitrification tank are disposed in the order of mention,  and
downstream of the denitrif ication tank, a re-aeration tank  for bringing
BOD decomposing bacteria into contact with the  - 13  2 5 O C T 2006
denitrified wastewater under aerobic conditions is disposed. In FIG. 2,
bacteria in the obligatory anaerobic tank 1,  nitrification tank 3,
denitrification tank 2 and re-aeration  tank 19 have been immobilized by
proper microorganism  immobilization supports, respectively. Wastewater 20
containing a nitrogen-containing dye is fed  



to the obligatory anaerobic tank 1, in which it is brought into  contact
with sulfate reducing bacteria under obligatory  anaerobic conditions,
whereby the nitrogen-containing dye is  decomposed. The treated wastewater
2]. is fed to the nitrification tank  3 and is brought into contact with
nitrifying bacteria under  aerobic conditions, whereby the treated
wastewater 21 is  nitrified. The nitrified water 22 is then fed to the
denitrification tank 2, in which the nitrified wastewater 22  is brought
into contact with denitrifying bacteria under  anaerobic conditions to
denitrify the nitrified wastewater 22.  In the denitrification tank 2, an
organic matter is utilized  as a source for the synthesis of a respiratory
substrate or  cells of denitrifying bacteria. It may be added from the
outside of the system if necessary. Downstream of the denitrification tank
2, a re-aeration  tank 19 is disposed to treat the organic matter which has
remained in the denitrified wastewater 23 without being - .14  25OCT2006
consumed in the denitrifying reaction and is discharged from the
denitrification tank 2. From the aerated wastewater 24,  the solid content
is removed by the ordinarily employed method  such as coagulating.
sedimentation treatment or membrane treatment, followed by release or
recycling use. 



In FIGS. 1 and 2, the nitrogen-containing dye,  particularly azo dye, is
brought into contact with sulfate  reducing bacteria in the obligatory
anaerobic tank 1, which  causes reductive cleavage of the azo bond in an
azo dye, whereby  the azo dye is decomposed into colorless aromatic amine.
The  aromatic amine thus obtained by the decomposition of the azo  dye is
brought into contact with the nitrifying bacteria in the  nitrification
tank 3, whereby the structure such as aromatic  ring or hetero ring is
decomposed. A hydrogen sulfide gas generated in the obligatory  anaerobic
tank 1 can be treated in the conventional manner. In  FIG. 1, the anaerobic
condition is promoted by the introduction  of the gas into the
denitrification tank 2 downstream of the  obligatory anaerobic tank; and in
FIG. 2, the hydrogen nitride  gas is introduced into the nitrification tank
3 downstream of  the obligatory anaerobic tank, in which it can be removed
by  oxidative reaction. For preventing spillage of the microorganism
immobilization support, it is desired to attach a screen 25 to  15. 2 5 OCT
2006  the outlet of each of the obligatory anaerobic tank 1,
denitrification tank 2 and nitrification tank 3 in FIG. 1 and  to the
outlet of each of the obligatory anaerobic tank 1,  nitrification tank 3,
denitrification tank 2 and re-aeration  



tank 19. Each of the obligatory anaerobic tank 1, denitrification  tank 2
and nitrification tank 3 in FIG. 1, and the obligatory  anaerobic tank 1,
nitrification tank 3, denitrification tank  2 and re-aeration tank 19 of
FIG. 2 Is filled with a support  having sulfate reducing bacteria,
denitrifying bacteria,  nitrifying bacteria or SOD decomposing bacteria
immobilized  thereon. The nature of the support may be determined,
depending  on the need. The sulfate reducing bacteria, denitrifying
bacteria, nitrifying bacteria and BOD decomposing bacteria  included in and
immobilized to a microorganism immobilization  support in advance may be
employed. Alternatively, it is  possible to utilize spontaneous adhesion of
bacteria to the  microorganism immobilization support which has been poured
in  each tank in advance. (Examples)  The present invention will
hereinafter be described more  specifically by Examples. It should however
be borne in mind  that the present invention is not limited to or by them.
The  chromaticity, BOD (Biochemical Oxygen Demand) concentration  16 -.
25OCT2006  and T-N (Total-Nitrogen) concentration of each of the actual
wastewater and treated wastewater were measured in accordance  with Testing
Methods for Industrial Water (JIS K 0101-1991).  



Example 1 A wastewater treatment apparatus was manufactured in such  a
manner that an obligatory anaerobic tank, a denitrification  tank and a
nitrification tank were disposed in the order of  mention and 75% of
nitrified wastewater discharged from the  nitrification tank was returned
circulated to the denitrification tank. Each tank had a capacity of 150 L.
The  obligatory anaerobic tank was filled with, as a microorganism
immobilized support, 104 (by weight, which will equally apply  hereinafter)
of acetalized polyvinyl alcohol hydrogel (which  will hereinafter be called
PVA gel simply) having sulfate  reducing bacteria immobilized thereon. The
PVA gel was caused  to flow by an agitator. The denitrification tank was
filled  with 10% of PVA gel having denitrifying bacteria immobilized
thereon and using an agitator, the PVA gel was caused to flow  similarly.
The nitrification tank was filled with 10% of PVA  gel having nitrifying
bacteria immobilized thereon and aeration was conducted via an air
diffusing tube. As the  wastewater, actual wastewater containing Acid
Orange 7 and Acid  Blue 126 was employed. 17  25OCT2006  The actual
wastewater had a chromaticity of 360, BOD concentration of 1545 mg/L and
T-N concentration of 408 mg/L.  The chromaticity of the wastewater at the
outlet of the  



nitrification tank was 18, clearly suggesting the  decolorization of the
wastewater. The BOD and T-N  concentrations of the wastewater were 18 mg/L
and 20 mg/L,  respectively. Comparative Example In a similar manner to that
employed for Example 1 except  that the obligatory anaerobic tank was
omitted, wastewater  treatment was conducted. The BOD concentration of the
treated  wastewater at the outlet of the nitrification tank was 19 mg/L,
almost a similar level to that of Example, but the T-N concentration was 68
mg/L and chromaticity was 203, indicating  that the wastewater treated in
Comparative Example was not  decolorized. Example 2 A wastewater treatment
apparatus was manufactured in such  a manner that an obligatory anaerobic
tank, a nitrification  tank, a denitrification tank. and a re-aeration tank
were  disposed in the order of mention. Each tank had a capacity of  150 L.
The obligatory anaerobic tank was filled with, as a  microorganism
immobilized support., 10% of acetalized PVA gel  having sulfate reducing
bacteria immobilized thereon. The PVA - 18  25OCT2006  gel was caused to
flow by an agitator. The nitrification tank was filled with 10% of PVA gel
having nitrifying bacteria  



immobilized thereon and aeration was conducted via an air  diffusing tube.
The denitrification tank was filled with 10%  of PVA gel having
denitrifying bacteria immobilized thereon and  using an agitator, the PVA
gel was caused to flow similar to  the case of the obligatory anaerobic
tank. A necessary amount  of methanol was added to the denitrification
tank. The  re-aeration tank was filled with 10% of PVA gel having BOD
decomposing bacteria immobilized thereon and aeration was  conducted via an
air diffusing tube, and a remaining HOD portion  without being consumed in
the denitrifying reaction was  decomposed. As the wastewater, actual
wastewater. containing  Acid Orange 7, Acid Blue 126 and a high amount of
T-N  concentration mainly consist of urea was employed. The actual
wastewater had a chromaticity of 420, BOD  =)' concentration of 460 mg/L
and.-T-N concentration of 590 mg/L.  The chromaticity of the wastewater at
the outlet of the  nitrification tank was 18, clearly suggesting the
decolorization of the wastewater. The BOD and T-N  concentrations of the
wastewater were 17 mg/L and 18 mg/L,  respectively. Example 3 A wastewater
treatment apparatus was manufactured in such  19  2,5 OCT 2006  a manner
that a denitrification tank and a nitrification tank 



were disposed in the order of mention and 75% of nitrified  wastewater
discharged from the nitrification tank was  returned- circulated to the
denitrification tank. The  denitrif ication tank and the nitrification tank
had a capacity  of 300 L and 150 L, respectively. The denitrification tank
was  filled with, as a microorganism immobilized support, 10% (by  weight,
which will equally apply hereinafter) of acetalized  polyvinyl alcohol
hydrogel (which will hereinafter be called  "PVA gel" simply) having
sulfate reducing bacteria and  denitrifying bacteria immobilized thereon.
The PVA gel was  caused to flow by an agitator. The nitrification tank was
filled with 10% of PVA gel having nitrifying bacteria  immobilized thereon
and aeration was conducted via an air  diffusing tube. As the wastewater,
actual wastewater  containing Acid Orange 7 and Acid Blue 126 was employed.
The actual wastewater had a chromaticity of 310, BOD  concentration of 1230
mg/L and T-N concentration of 375 mg/L.  The chromaticity of the wastewater
at the outlet of the  nitrification tank was 21, clearly suggesting the
decolorization of the wastewater. The BOD and T-N  concentrations of the
wastewater were 19 mg/L and 24 mg/L,  respectively. 20  25OCT2U06  (e)
Claims 



1. A method of treating wastewater containing a nitrogen- containing dye,
which comprise the following steps (1) to (3):  (1) an obligatory anaerobic
step for bringing the wastewater containing a nitrogen-containing dye into
contact  with sulfate reducing bacteria under obligatory anaerobic
conditions; (2) a nitrification step for bringing the wastewater into
contact with nitrifying bacteria under aerobic conditions; and  (3) a
denitrification step for bringing the wastewater into contact with
denitrifying bacteria under anaerobic conditions.  2. A method of treating
wastewater containing a nitrogen- dye of claim 1 with an apparatus,
comprising an obligatory anaerobic tank for bringing wastewater  containing
a nitrogen-containing dye into contact with sulfate- reducing bacteria
under obligatory anaerobic conditions, a nitrification tank for bringing
the wastewater into  contact with nitrifying bacteria under aerobic
conditions and  a denitrification tank for bringing the wastewater into
contact with the denitrifying bacteria under anaerobic conditions.  3. A
method of treating wastewater containing a nitrogen- dye of claim 1 with an
apparatus, wherein the obligatory anaerobic  -21 2 5 O C T 2006  tank, the
denitrification tank and the nitrification tank are 



disposed in the order of mention and a portion of the treated  water
discharged from the nitrification tank is caused to return  and circulate
to the denitrification tank. 4. A method of treating wastewater containing
a nitrogen-dye  of claim 1 with an apparatus, wherein the obligatory
anaerobic l1 tank, the nitrification tank and the denitrification tank are
disposed in the order of mention and a re-aeration tank for  bringing BOD
decomposing bacteria into contact with the  wastewater under aerobic
conditions is disposed downstream of the  denitrification tank. 5. A method
of treating wastewater containing a nitrogen-dye  of claim 1 with an
apparatus, wherein a denitrification tank for  bringing wastewater
containing a nitrogen-containing dye into  contact with sulfate reducing
bacteria and denitrifying bacteria  under obligatory anaerobic conditions
and a nitrification tank  for bringing the wastewater into contact with
nitrifying bacteria . .  under aerobic conditions are disposed in the order
of mention,  whereby a portion of the treated water discharged from the
nitrification tank is caused to return and circulate to the
denitrification tank. 6. A method of treating wastewater containing a
nitrogen-dye  -22 2 5 O C T 2006  of claim 1 with an apparatus, wherein 



the bacteria have been immobilized by a microorganism  immobilization
support in at least one tank selected from the  obligatory anaerobic tank,
the nitrification tank and the  denitrification tank. } 7. A method of
treating wastewater containing a nitrogen-dye  of claim 4 with an
apparatus, wherein the bacteria have been  immobilized by a microorganism
immobilization support in at least  one tank selected from the obligatory
anaerobic tank, the  nitrification tank, the denitrification tank and the
re-aeration  tank. 8. A method of treating wastewater containing a
nitrogen-dye  of claim 5 with an apparatus, wherein the bacteria have been
immobilized by a microorganism immobilization support in at least  one tank
selected from the nitrification tank and the  denitrification tank. 9. A
method of treating wastewater containing a nitrogen-dye  of claim 6 with an
apparatus, wherein the microorganism  immobilization support is at least
one support selected from  gelled support, plastic support and fibrous
support. 10. A method of treating wastewater containing a nitrogen- -23 2 5
OCT 2006  dye of claim 9 with an apparatus, wherein the gelled support is a
polyvinyl alcohol hydrogel.  -24 


